Introduction

Horsenettle
(Solarium carolinense L.), a native of North Ameria12) was recorded on an Imperial mausoleum farm in Chiba in 190620).
This was the first record of the weed in Japan. Though horsenettle was previously recognized as a weed in pastures3, 8) , according to recent studies15, 22) and information reported to the National Grassland Research
Institute, it appears to have remarkably increased in forage crop fields. Our previous study11) using a questionnaire has revealed that the rate of pastures where the weed is present has also increased in comparison with that in a 1981 study3), and that infested pastures have spread all over Japan from Hokkaido to Okinawa. According to the literature, the weed is now recorded in Hokkaido14), Honshu2, 12, 18, 19) and Okinawa4).
Therefore, the climatic condition does not appear to limit the distribution of horsenettle in Japan, in a general sense. However, further studies are needed to elucidate the detailed distribution and spread of the weed. In this study, we surveyed pastures in Niigata, Nagano and Tochigi Prefectures to determine the weed's presence in pastures in central Japan, as well as the conditions under which it is likely to be invasive.
Materials and Methods
The presence of horsenettle was investigated in 24 pastures between 1993 and 1998: 19 public pastures, one private meadow, and two pastures and two meadows in agricultural research institutes in the three prefectures mentioned. Presence of the weed was recorded in three sown pastures, while in 20 pastures the presence of other plant species was also noted. In the three pastures, information on the herbage species sown was available from records. For the pasture in the Nagano Institute of Animal Industry, data on the presence of the weed, sown herbage species and management of the pasture were obtained from a scientist who worked in the institute. The relationship between the management or air temperature and the presence of horsenettle was analyzed using Fisher's exact tests. Data on the type of cattle or air temperature in the private meadow were not available, and that meadow was thus not included in the analysis of these data. There were three types of harvesting systems used in the pastures, i, e., mowing, grazing and their combination.
In analyzing the relationship between the harvesting system and the weed presence, the combined harvesting system was grouped with grazing since cattle were also allowed in the pastures under this system. Each occurrence of a harvesting system (mowing or grazing) was regarded as a sample. If both were used in one pasture that would give two samples; therefore, the number of samples was 29 in this case. There were three types of cattle, i, e., dairy, beef and their combination. The combination type was grouped with dairy cattle in the analysis since pastures for dairy cattle are generally grazed more intensively than pastures for beef, and if there are dairy cattle in pasture, the pasture is probably being managed intensively. In analyzing the relationship between the supply of concentrate used during grazing season and horsenettle presence, the pastures where mowing was the only harvesting system used were excepted, so that the number of samples was 20.
Results and Discussion
The total area of each of the 19 public pastures ranged from 28 to 587 ha. Temperate grasses were sown in all including the pasture in which the vegetation was determined from the records.
The dominant species in the pastures differed with Zoysia japonica Steud. being dominant in a few. The planted area in the private meadow was 1.5 ha in 1998, and Phalaris arundinacea L. was dominant.
Horsenettle was present in six of the 24 pastures ( Fig. 1) . In one public pasture horsenettle was present in the 1980's, but was eliminated before our investigation by topsoil removal after the spraying glyphosate. In the analysis of the relationship between management or air temperature and the presence of horsenettle, this pasture was grouped into those where horsenettle was present. There were no significant relationships between the system of harvesting pastures or The relationship between the annual mean temperature in the pastures and the presence of horsenettle was of interest because horsenettle seeds require temperatures of above approximately 15C to germinate9). The annual mean temperature in the infested pastures was significantly higher than that in non-infested pastures (p<0.01) ( Table 2 ).
The roots of horsenettle are reportedly susceptible of freezing temperatures1). Data on soil temperature in the investigated pastures was not available in this study, but the relationship between the average monthly air temperature of three of the coldest months and the presence of horsenettle was determined; the probability of the weed presence was significantly (p<0.01) lower in pastures where the average air temperature was below the freezing point (Table 3) . Therefore, it was evident that a horsenettle invasion was more likely in the warmer areas of central Japan than in the cooler areas. Horsenettle is native to the Gulf States1) and the weed may favor the warmer temperature.
Although horsenettle was present in a pasture where the average temperature was below zero (Table 3) and was recorded in a) The harvesting system using both mowing and grazing was grouped with grazing. Each harvesting occurrence was regarded as a sample. Thus if two occurred in a pasture that was viewed as two samples.
b) When both dairy and beef cattle were in a pasture, they were grouped with the type of dairy cattle.
c) Pastures where mowing was the only harvesting system were not included. The annual mean temperatures were tested using the separate variance t-test. There is a significant difference (p<0. Further studies are required to ascertain the effect of temperatures focusing on both the competitive relationship and the growth of the weed itself. Horsenettle was recorded in Niigata and Nagano in the 1940's13*, 19) and in Tochigi in the 1960's2), both in the relatively distant past. The pasture rate of horsenettle infestation in this study was 25% (Fig. 1 , excluding one public pasture), almost the same as that (27%) in our previous study in which the presence of alien weeds in pastures throughout Japan was surveyed by questionnaire11). These rates are lower than the 69% of Rumex obtusifolius L. although both weeds were introduced into Japan at approximately the same period7, 12, 20) . Although the temperature is believed to be involved in limiting the range of horsenettle expansion in the cooler areas, the information currently available about spread of the weed is not enough to discuss this issue. Further studies are needed regarding the expansion of horsenettle range.
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